The model described in this paper is designed to optimise the feeding of amino acids to growing pullets, and for this purpose, threonine is used as the reference amino acid given that the data used in the model are from experiments conducted by the senior author involving the use of threonine limiting feeds. MARTIN et al. (1994) published a model for calculating the amount of each amino acid that would be required by the average individual in a flock of growing pullets, considering separately the protein deposited in the feather-free body (BFF) and in the feathers, given that these components grow at different rates and in most instances have different amino acid compositions (EMMANS, 1989) . Growth of these components was described by the Gompertz growth curve, and efficiencies of utilisation of amino acids for the growth of protein were regarded as being fixed.
Introduction
The model described in this paper is designed to optimise the feeding of amino acids to growing pullets, and for this purpose, threonine is used as the reference amino acid given that the data used in the model are from experiments conducted by the senior author involving the use of threonine limiting feeds. MARTIN et al. (1994) published a model for calculating the amount of each amino acid that would be required by the average individual in a flock of growing pullets, considering separately the protein deposited in the feather-free body (BFF) and in the feathers, given that these components grow at different rates and in most instances have different amino acid compositions (EMMANS, 1989) . Growth of these components was described by the Gompertz growth curve, and efficiencies of utilisation of amino acids for the growth of protein were regarded as being fixed.
Because the requirement for amino acids increases when the bird begins to lay the model necessarily stops on that day, and a different approach needs to be taken to determine the optimum amount of each amino acid to include in the feed for laying hens
Objective
This study aimed to provide models to estimate threonine (THR) requirements for pullets.
Material and methods
Two models are described, one dealing only with the growth of body and feather protein, whilst the second includes the additional amount required to support the growth of the reproductive organs prior to the attainment of sexual maturity. Both models are therefore the same up to the time when the reproductive organs begin to develop. The requirement for each essential amino acid is calculated for the average individual in the flock, whose rates of body and feather protein growth are described by the Gompertz growth curve. The requirement is partitioned into that for maintenance of both the body feather free (BFF) and the feathers, and for the deposition of protein in the BFF and feathers. Model 1, which excludes the growth of the reproductive organs, is described below: 
The first part of this equation is the same as Model 1, to which has been added Bpd ova, the rate of deposition of protein in the ovary (g/d); BPd ovi, the rate of protein deposition in the oviduct (g/d); and k which is the efficiency of utilisation of each amino acid for protein deposition.
The efficiency of utilisation of THR for the deposition of body and feather protein was measured by BONATO et al. (2013) and this was shown to be constant over the three periods chosen, so the same value for k may be applied throughout the growing period. The method used to determine the efficiency of utilisation is given in BONATO et al. (2013) , the estimated value of k being 0.855.
In the course of conducting the trials reported in BONATO et al. (2013) measurements were made of body weight (BW), feather-free body weight (BWFF), feather weight (FW), feather-free body protein content (BP) and feather protein content (FP) of pullets at 0, 14, 31, 45, 59, 72, 96 and 108 d, and these measurements were used to describe the growth of these pullets and their components using the Gompertz (1825) growth curve. The form of the equation used was that described by EMMANS (1981) . The parameters of the fitted equations for each variable were estimated using the Gauss-Newton method, by means of the procedure "NLIN" SAS 9.1 software (2009).
SILVA (2012), based on EMMANS (1989), found that the coefficient for protein loss via feathers was 0.04 g/d. The rate of THR deposition in each compartment was obtained by multiplying the rate of protein deposition by the THR content of protein in BFF and in feathers, analyzed in the laboratory.
The rates of growth of the ovary and oviduct were estimated by fitting the Gompertz equation to the weights of these two organs measured during their development by SILVA (2012). The chemical composition during the growth of these organs was measured by SILVA (2012) and, making use of appropriate equations, these values were used to estimate their protein and lipid contents from which the daily gains in protein and lipid were calculated.
Results and discussion
Estimates of the Gompertz parameters describing the growth and composition of the Dekalb pullets, based on the data of BONATO et al. (2013) are given in Table 1 . These values were used to describe the growth of BW, BWFF, FW, BP and FP, and the weekly weights of these variables. , where: P -weight at time t; P i -weight at day 1 (kg); P m -maturity weight (kg); B -maturation rate (/d); t -age (days).
The rates of maturing of the body, the feather-free body and body protein were constant at 0.017/d, whereas that for feathers and feather protein was higher, indicating that feathers reach their mature weight earlier than do the components of the feather-free body. The mature weight of the feather-free body was estimated to be 1,450 g and that of feathers, 261 g. The gains in protein (dw/dt) of the body and the feathers of Dekalb White birds to 20 weeks are illustrated in Fig. 1 where the difference in the maximum growth rate, which occurs at t * , can be observed. In the trial conducted by SILVA (2012) growth of the reproductive organs began around the fifteenth week of age, with the ovary reaching a maximum between 130 and 135 d and the oviduct between 121 and 122 d. However, because the age at maturity may be manipulated with the use of lighting and feeding programmes, the growth of these organs for modelling purposes was assumed to start at day 0 rather than at the ages measured in the trial. In this way, growth of these organs may be initiated at any age in the model, thereby making the model more universally applicable. Estimates of the Gompertz parameters describing the growth of the ovary and oviduct of Dekalb pullets, based on the data of SILVA (2012) and starting at day 0 are given in Table 2 . The rate of growth of the oviduct appears to be considerably faster than that of the ovary (0.139 vs. 0.084 /d) but the ovary attains a higher mature weight than the oviduct (78.4 vs. 58.7 g). The rates of gain in protein in the ovary and oviduct are illustrated in Fig. 2 . The most appropriate equations for describing changes in the protein and lipid contents during the development of the two reproductive organs differed. For the protein content of the ovary a quadratic equation best fitted the data, this being 13.3 (± 0.43) + 0.05 (±0.05) age -0.002 (±0.001) age 2 (R 2 =33.6). The lipid content of the ovary remained constant throughout the growing period, being 7.94 (± 0.04). The protein content of the oviduct was best described by an exponential equation (16.0 + 3.11 * (0.21 age ) (R 2 =88.2)), and the lipid content by a quadratic equation (11.3 (±1.40) -0.03 (±0.16) age -0.0045 (±0.0035) age 2 (R 2 =80.4)). The THR requirement per d for Dekalb-type pullets based on the two models proposed are illustrated in Fig. 3 . The requirements predicted by the two models remain the same until the growth of the reproductive organs is initiated, the age at which this occurs being defined by the user. The relatively small increase in the daily requirement to meet the needs for ovary and oviduct growth results in a small increase in the required THR during this time. 
Conclusions
The requirements predicted by the two models remain the same until the growth of the reproductive organs is initiated, the age at which this occurs being defined by the user. The models predict realistic THR requirements for pullets growing at their potential from hatching to sexual maturity.
